The study sample included 76 healthy older adults and 77 individuals with very mild dementia of the Alzheimer type (DAT). Semantic (animal) and letter (S and P) fluency tasks were used to examine quantitative (word generation) and qualitative (category clustering and switching) aspects of verbal fluency. The goal of the study was to evaluate the utility of fluency tasks in discriminating between healthy aging and very mild DAT. Our results indicated better performance for the healthy group than the DAT group in terms of number of words, number of clusters, number of switches, and size of clusters generated (an exception was clustering on letter S fluency). Clustering and switching variables were significantly correlated with number of words generated and therefore were not included in discriminant analysis. Discriminant analysis revealed that the combination of semantic fluency and narrative recall may be particularly useful in differentiating healthy aging from very mild DAT.
Introduction
The early detection of dementia of the Alzheimer type (DAT) has been a major objective of researchers and clinicians, and cognitive tests have proven helpful in distinguishing between DAT and healthy aging. For example, in an early study by Storandt and Hill (1989) , three cognitive tests (Logical Memory from the Wechsler Memory Scale, Digit Symbol from the Wechsler Adult Intelligence Scale, and the Boston Naming Test) were identified that successfully discriminated between mild DAT and healthy aging. Given that the cognitive hallmark of DAT is impaired long-term episodic memory (for reviews, Heindel, Salmon, & Butters, 1993; Nebes, 1992) , it is not surprising that tests such as Logical Memory have proven useful in early diagnosis.
Deficits in semantic (e.g., Chan et al., 1993; Troyer, Moscovitch, Winocur, Leach, & Freedman, 1998) and phonemic (e.g., Ober, Dronkers, Koss, Delis, & Friedland, 1986; Troyer et al., 1998) memory have also been reported. As such, semantic and phonemic fluency tasks, respective measures of semantic and phonemic memory, may be of additional diagnostic utility. For example, in studies examining quantitative aspects of fluency, a common finding has been that individuals with DAT produce fewer words than healthy older adults (Caccappolo-van Vliet et al., 2003; Monsch et al., 1992; Ober et al., 1986; Salmon, Heindel, & Lange, 1999; Troyer et al., 1998) . In addition, relatively poorer performance on semantic than letter fluency tasks (Diaz, Sailor, Cheung, & Kuslansky, 2004; Monsch et al., 1992; Salmon et al., 1999) suggests that semantic fluency may be particularly powerful in discriminating between DAT and healthy aging (Cerhan et al., 2002; Salmon et al., 2002) .
With regard to qualitative aspects of fluency, Troyer et al. (1998) examined the size of subcategory clusters and the number of switches between subcategories during fluency tasks. These investigators showed that, in comparison with healthy older adults, individuals with early DAT made fewer switches and produced smaller clusters during semantic fluency. During letter fluency, smaller clusters were produced by individuals with DAT, but number of switches was comparable to that of healthy older adults.
As results from these studies show, fluency tasks have been helpful in discriminating between mild DAT and healthy aging. The detection of DAT in its earliest stage (i.e., very mild DAT), however, has proven more difficult. In the current study we examined the utility of both quantitative and qualitative aspects of animal and letter fluency in distinguishing between very mild DAT and healthy aging.
Method

Participants
Participants were 76 healthy older adult controls (32 men and 44 women) and 77 individuals with very mild DAT (36 men and 41 women) enrolled in longitudinal studies at the Washington University Alzheimer's Disease Research Center (WUADRC). Caucasians comprised 93% of the sample. Participants were recruited primarily through media appeals and in response to presentations given by WUADRC researchers. All participants were unpaid communitydwelling volunteers. Data were examined for all participants who completed all study measures and met inclusion criteria.
Criteria for dementia diagnosis were consistent with those of the National Institute of Neurological Disorder and Stroke-Alzheimer's Disease and Related Disorders Association Task Force (McKhann et al., 1984) and the Diagnostic and Statistical Manual of Mental Disorders-Third Edition-Revised (DSM-III-R; American Psychiatric Association, 1987).
The Washington University Clinical Dementia Rating (CDR; Morris, 1993) was used by research physicians for dementia staging. The rating is based on a neurological examination and a 90-min clinical interview with the participant and a collateral informant. Levels of impairment in six categories (memory, orientation, judgment, community affairs, home/hobbies, and personal care) are determined. CDR reliability (weighted kappa = 0.87; Burke et al., 1988) and validity (diagnostic accuracy for Alzheimer's disease is 93%, as verified by postmortem examination of 207 individuals at the WUADRC; Berg et al., 1998) are high. CDRs of 0 and 0.5 were indicative of no dementia and very mild dementia, respectively. Individuals with comorbid neurological or psychiatric disorders (e.g., Parkinson's disease or depression) were excluded.
Age ranges for control and very mild DAT groups were 56-96 (M = 77.0, S.D. = 9.9) and 49-93 (M = 76.8, S.D. = 8.0) years. Education for both groups ranged from 8 to 20 years (control: M = 14.9, S.D. = 2.9; very mild DAT: M = 14.3, S.D. = 3.0). There were no significant between-group differences in age or education.
Procedure
Cognitive tests were components of a 2-h battery detailed elsewhere (Storandt & Hill, 1989) . In addition to study measures, the battery included tests such as Digit Span, Block Design, Paired Associates Learning, Trail Making, and Stroop.
For animal fluency, participants were asked to name as many animals as possible for 90 s. For letter fluency, participants were asked to name as many words as possible beginning with the letters S and P for 60 s each. Responses were tape-recorded and the words reported were recorded in serial order. Fluency scoring procedures were modeled after Raskin, Sliwinski, and Borod (1992) and Robert et al. (1998) . The quantitative variables were total number of correct responses for animal, S, and P fluency. The qualitative variables were number of clusters, mean number of words in clusters (i.e., cluster size), and number of switches. Only correct responses were included in scoring clusters and switches (for the healthy group error rates for animal, letter S, and letter P fluency were 13, 13, and 16%, whereas for the very mild DAT group error rates were 21, 19, and 15%; most errors were perseverative).
A cluster represented successive related words within a subcategory. Two types of clusters, phonemic and semantic, were scored for letter and animal fluency, respectively. Four subtypes of phonemic clusters were identified: (1) firsttwo-letter combinations (e.g., "stop, stuck"), (2) single vowel changes (e.g., "set, sat"), (3) rhymes (e.g., "sing, string"), and (4) homophones (e.g., "some, sum"). Semantic clusters were scored when successive words belonged to the same meaningful subcategory (e.g., "robin, owl" for a bird subcategory) or when words had similar meanings (e.g., "cow, bull" or "bird, robin"). If two clusters overlapped, the overlapping item(s) was (were) scored with the larger cluster. For example, in the series "cow, horse, pig, sheep, chicken, cardinal, hawk," the word "chicken" was scored with the farm animal cluster. One point was recorded for each word comprising a cluster.
Switches were also scored for both animal and letter fluency. These were shifts between clusters or individual items that were neither phonemically nor semantically related. For example, two switches occur in the series "stop, stand, spade, slot" during letter fluency.
In addition to fluency tasks, we included scores from three additional tasks that were used by Storandt and Hill (1989) to discriminate between healthy aging and mild DAT. The Boston Naming Test (Kaplan, Goodglass, & Weintraub, 1983) , Logical Memory from the Wechsler Memory Scale (Wechsler, 1974) , and Digit Symbol from the Wechsler Adult Intelligence Scale (Wechsler, 1955) provided measures of naming, episodic memory for narratives, and psychomotor speed, respectively. Scores from old versions of these tests were used because data were collected as part of a longitudinal study at the WUADRC that has continued for decades. For all three tasks, the number of items completed correctly was recorded.
Results
To examine between-group differences, t-tests were used. Because 15 comparisons were made (Table 1) , the Bonferroni correction was used and alpha set at 0.003. For the most part, the control group performed better than the very mild DAT group across the tasks administered. Specific to fluency, for the most part, the control group generated more words, clusters, switches, and larger clusters than the very mild DAT group. The exceptions were number of clusters and cluster size on letter S fluency. The reason for lack of differences on letter S fluency is unclear but may be related to the high frequency of words beginning with S. Correlation analyses revealed that all qualitative aspects of fluency were significantly correlated with the quantitative aspect of fluency. That is, number of clusters, number of switches, and cluster size were all significantly correlated with number of words generated during animal and letter fluency. Correlations ranged from 0.45 to 0.92. Due to these correlations, we did not include clustering and switching variables when performing discriminant analyses because discrimination would not have been improved.
As a first step in the discriminant analysis, we applied the regression weights of Storandt and Hill (1989) to scores from Logical Memory, Digit Symbol, and Boston Naming (canonical variate = 3.940-0.322 Logical Memory, 0.031 Digit Symbol, and 0.026 Boston Naming). This yielded 68% sensitivity and 74% specificity (Wilks' Lambda = 0.79, χ 2 = 36.46, p < 0.001) in terms of distinguishing between healthy aging and very mild DAT. We then performed a stepwise discriminant analysis that included Logical Memory, Digit Symbol, Boston Naming, letter fluency P, letter fluency S, and animal fluency. In the stepwise procedure, the order in which variables are entered is determined by statistical criteria such that the variable with the greatest strength in predicting group membership (i.e., very mild DAT versus healthy aging) is entered first, the variable with the second greatest strength is entered second, and so on. This procedure continues until entry of remaining variables does not significantly improve prediction. Our results showed that animal fluency was entered first, followed by Logical Memory, with no other variables contributing significantly to discriminability. Sensitivity was 78% and the specificity was 74% (Wilks' Lambda = 0.70, χ 2 = 52.52, p < 0.001).
Discussion
Our results indicate that both quantitative and qualitative aspects of fluency decline in very early DAT. In general, individuals with very mild DAT generated fewer words, clusters, switches, and smaller clusters than healthy older adults (with the exception of clustering for letter S fluency).
The primary goal of our investigation was to determine if fluency is of utility in differentiating between healthy aging and very mild DAT. Storandt and Hill (1989) previously identified the combination of Logical Memory, the Boston Naming Test, and Digit Symbol as useful in discrimination. Although letter fluency was considered in their analyses, semantic fluency was not. Using discriminant analysis, we found that semantic fluency and Logical Memory had the greatest power to discriminate between healthy aging and very mild DAT. With the addition of semantic fluency, the Boston Naming Test no longer made a significant contribution. This may be related to overlaps in the task demands of semantic fluency and naming, as both require retrieval from semantic memory. The greater discriminating power of semantic fluency may stem from the additional requirement that items be retrieved rapidly from multiple subcategories. Similarly, we found that Digit Symbol no longer made a significant contribution to discrimination after the contribution of semantic fluency was taken into account. Again, this may be due to overlaps in task demands, as both Digit Symbol and semantic fluency are speeded tasks.
In conclusion, our findings suggest that the assessment of semantic memory is at least as important as the assessment of episodic memory when attempting to differentiate between healthy aging and very mild DAT. Both quantitative and qualitative aspects of semantic fluency are impaired in very mild DAT. Examination of qualitative aspects of fluency is time consuming and does not appear to improve diagnostic discriminability beyond that achievable using quantitative aspects of fluency. Examination of qualitative aspects of fluency, however, may be beneficial in reaching a more precise and thorough understanding of the specific cognitive processes that are compromised in individuals with very mild DAT.
